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Accepted 9 April 2012AbstractObjective: To evaluate the feasibility and safety of performing a hysterectomy using the transvaginal natural orifice transluminal endoscopic
surgery (NOTES).
Materials and Methods: From May through December 2010, 16 patients with benign uterine diseases who were eligible for laparoscopic
hysterectomy were recruited to undergo transvaginal NOTES at a tertiary referral medical center. Intraoperative and postoperative surgical
outcomes were measured.
Results: All of the included hysterectomies were completed via transvaginal NOTES without conversion to conventional laparoscopy. The mean
( standard error of mean (SEM)) uterine weight was 538.8 102.9 g, the mean operative time was 122.7 17.6 minutes, and the mean blood
loss was 379.4 95.4 mL. The mean postoperative hospital stay was 2.8 0.2 days. No intraoperative or postoperative complications were
noted in this series.
Conclusion: Hysterectomy for the treatment of benign diseases can be feasibly carried out via transvaginal NOTES. However, prospective
studies are needed to determine its full clinical applications.
Copyright  2012, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
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The concept of natural orifice transluminal endoscopic
surgery (NOTES), which uses the natural orifices of the body
as the surgical channels for endoscopy, is a new development
in the field of minimally invasive surgery and it can be used to
avoid injuring the abdominal wall. Recently, we performed the
transvaginal NOTES by applying the techniques of lapa-
roendoscopic single-site surgery (LESS) surgery via the* Corresponding author. Department of Obstetrics and Gynecology Division
of Gynecologic Endoscopy, Chang Gung Memorial Hospital at Linkou,
Tao-Yuan, Taiwan.
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1028-4559/$ - see front matter Copyright  2012, Taiwan Association of Obstetri
doi:10.1016/j.tjog.2012.04.009vaginal route, and we found that it can be used to carry out
adnexal procedures in select patients [1].
Vaginal hysterectomy has been a convention in gynecology
for hundreds of years and our daily practice [2]; however, its
application is restricted by the poor visualization and limited
space for manipulation, and that are especially notable uteri
that present without descensus or with adhesions. Though it is
still recommended as the route of choice [3], the use of vaginal
hysterectomy declined after the rise of abdominal laparoscopic
hysterectomy in the 1990s [4,5].
According to the findings in our previous report [1], we
believe that our innovative approach of transvaginal NOTES
can be feasibly applied to hysterectomy. The objective of this
study was to evaluate its feasibility and safety and to deter-
mine if there are any additional advantages of NOTES over the
conventional approach.cs & Gynecology. Published by Elsevier Taiwan LLC. All rights reserved.
218 H. Su et al. / Taiwanese Journal of Obstetrics & Gynecology 51 (2012) 217e221Materials and methodsPatientsFrom May through December 2010, hysterectomies were
performed using transvaginal NOTES in Chang Gung
Memorial Hospital. Patients with benign uterine diseases
who were eligible for laparoscopic hysterectomy were
included. Exclusion criteria included virginity, international
continence society (ICS) classification Stage III or IV uterine
prolapse, uterus > 20 weeks of gestation,  2 previous
cesarean deliveries, suspected severe endometriosis, and
complete obliteration of the cul-de-sac noted at pelvic
examination. On the contrary, obesity (body mass index
 30 kg/m2) and no previous with vaginal deliveries were not
considered as contraindications.
This study was reviewed and approved by the human
investigational review board of Chang Gung Memorial
Hospital. All patients who underwent surgery gave their
informed written consent. All surgeries were performed by
experienced gynecologic endoscopists.Surgical techniquesFig. 1. Exploring the left parametrial space and dividing the uterine artery.Under general anesthesia with endotracheal intubation,
each patient was placed in the Trendelenburg position with
their legs bandaged and supported in the stirrups. A 12-French
Foley catheter was indwelled. Then, the hysterectomy was
carried using the following steps.
1) Circumcision of the uterine cervix and posterior colpot-
omy. With tractions placed on the uterine cervix using two
teneculums, each operation began with the circumcision of
the vaginal mucosa around the cervix followed by a 3-cm
posterior colpotomy, as is the case for conventional
vaginal surgery. The anterior portion was carried out by
pushing up the vaginal mucosa along with the uterine-
cervical fascia at the anterior fornix. Unless the perito-
neum between the bladder and the uterus could be
identified and cut confidently, anterior colpotomy was not
completed at this stage and was performed during the later
laparoscopic phase. By exposing the extraperitoneal space
along with the bilateral board ligaments, the transverse
cervical and the uterosacral ligament complexes were well
exposed and then clamped and divided using a bipolar
vessel sealer (Liga Sure Impact system; Covidien,
Boulder, CO, USA).
2) Establishing the vaginal channels for endoscopic surgery.
We used our established method as previously reported to
create the vaginal ports for endoscopy [1]. In brief,
a small-size Alexis wound retractor (Applied Medical
Resources Corp., Rancho Santa Margarita, CA, USA) was
inserted into vagina, and the outer rim was draped with
a surgical glove into which one 10-mm and two 5-mm
cannulas were inserted through the fingers of the glove.
The endoscope we used was a 5-mm, 30-degree endoscope
(KARL STORZ GmbH & Co. KG, Tuttlingen Germany),and the energy source was a 5-mm bipolar Liga Sure
system (Covidien) designed for laparoscopy.
3) Endoscopic management of the uterine arteries and
completion of the anterior colpotomy. After adequate
creation of pneumoperitoneum, the endoscope was inser-
ted to explore the pelvis. The bilateral broad ligaments of
the uterine vessels were identified by grasping the cervix
and pushing toward the contralateral site with n endo-
scopic single-tooth tenaculum. Then, the uterine vessels
were secured and divided using a bipolar vessel sealer
(Fig. 1). Following the stump of the uterine arteries and
the anterior margin of uterus, we were able to trace and
identify the uterovesical junction from both the caudal and
cephalic point of view. After dissecting the junction with
laparoscopic scissors, the anterior colpotomy was
completed under laparoscopic guidance (Fig. 2).
4) Endoscopic management of the upper portion of the
hysterectomy. The remaining board and round ligaments
were secured and divided step-by-step using the Liga Sure
bipolar forceps. If the adnexa were preserved, the tubo-
ovarian pedicles were divided (Fig. 3). If the adnexa
were removed, the bilateral infundibulopelvic ligaments
are clamped, secured, and divided. After clearing all of the
pedicles, the uterus was removed through the vagina
(Fig. 4).
Finally, the vaginal cuff was closed using 2-0 Vicryl sutures
and the operation was concluded after a routine diagnostic
cystoscopy.Treatment protocolProphylactic antibiotics were administered along with
preoperative cefazolin, and postoperative cefazolin and
gentamicin were administered for 1 day. No additional oral
antibiotics were prescribed without evidence of infection.
Nonsteroidal anti-inflammatory drugs were routinely
prescribed after the operation, and 30 mg nalbuphine was
Fig. 2. Identifying the uterovesical junction by tracing along the vessels
stumps and anterior uterine wall, then dividing the junction in order to perform
the anterior colpotomy.
Fig. 4. Completely dividing the left adnexal pedicles during the left-side
procedures.
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was maintained overnight after the operation. The patients
were discharged, according to national regulations, if they
were afebrile for at least 24 hours and demonstrated no
evidence of surgical complications, good wound healing, and
full recovery of gastrointestinal function with satisfactory oral
intake. Patients were asked to abstain from sex for at least 6
weeks after the operation and to return to the clinic 1 week and
2 months after the surgery for follow-up examinations. Three
months later, patients were evaluated for sexual function,
including dyspareunia, postcoital bleeding, and satisfaction.Data analysisThe patient demographics, intraoperative findings, post-
operative outcomes, and pathological reports were recorded.
Surgical outcomes, including operation times, estimated blood
loss, decrease in hemoglobin, uterine weight, length ofFig. 3. Exploring and dividing the left adnexal pedicles during the left-side
procedures.hospital stay, and complications, were all recorded. Age, body
mass index (BMI), and uterine weight were considered
continuous variables and are presented as the means
 standard error of mean (SEM), whereas parity was consid-
ered a discrete variable and is presented as the median value
and range. Descriptive statistics were calculated using SPSS
for Windows (release 17.0.0/2008; IBM-SPSS, Inc., Chicago,
IL, USA).Results
From May through December 2010, 16 patients underwent
purely transvaginal NOTES and were enrolled in this study. The
detailed patient characteristics and surgery-related measure-
ments are presented inTable 1. Themeanage of the studypatients
was 47.8 1.2 years, the median of parity was 2, and the mean
BMIwas 24.1 kg/m2. Two patients were nulliparous and onewas
multiparous who had no experiences with vaginal delivery. Six
patients had undergone previous abdominal surgeries, including
cesarean deliveries, laparotomies, and laparoscopies. Indication
for hysterectomies included 11 (68.7%) cases of leiomyoma, four
(25%) cases of adenomyosis, and one (6.3%) case of stage III
cervical intraepithelial neoplasm.
Transvaginal NOTES was completed in each patient
without an ancillary port in the abdomen or conversion to
conventional laparoscopy or even laparotomy. The mean
operation time was 122.7 17.6 minutes, mean blood loss was
379.4 95.4 mL, mean decrease in hemoglobin between
preoperation and the first day of postoperation was -1.35 g/dL,
four patients required an intraoperative blood transfusion,
mean uterine weight was 538.8 102.9 g, and the mean
postoperative hospital stay was 2.8 0.2 days.
On follow-up examinations performed 1 week after
discharge and 2 and 6 months after the operation, all patients
demonstrated good healing of the vaginal cuff, no complaints
regarding intercourse, and none complained of dyspareunia or
post-coital bleeding.
Table 1
Patient characteristics and surgical outcomes.
Case No. Age Parity C/S BMI (kg/m2) Other
abdominal
surgery
Operation
indication
Operation
time (min)
Blood
loss (mL)
Hb Change
(g/dL)
BT Uterine
weight (g)
Length of
stay (d)
1 59 3 0 23.78 CIN 3 153 150 -2.6 178 3
2 49 1 0 26.70 Myoma 323 800 -1.0 D 1214 3
3 42 0 0 27.78 Myoma 380 1300 -1.3 D 1630 3
4 40 2 2 38.39 Myoma 178 800 -2.2 D 711 4
5 44 2 0 29.61 D Myoma 234 250 -1.3 454 1
6 53 3 0 23.80 Adenomyosis 133 400 -1.3 284 3
7 45 2 0 25.86 D Adenomyosis 196 1100 1.1 D 605 3
8 46 2 0 20.82 D Myoma 110 250 -6.8 387 3
9 45 0 0 24.41 D Adenomyosis 60 20 -1.7 205 3
10 43 2 0 28.20 Adenomyosis 82 150 -1.4 263 3
11 43 3 0 22.28 D Myoma 84 400 -0.7 500 3
12 54 2 0 22.08 Myoma 105 600 -0.5 960 3
13 47 2 0 20.44 Myoma 55 50 0.2 300 2
14 50 2 0 19.15 Myoma 85 100 -2.7 115 3
15 48 2 0 20.31 Myoma 75 150 -1.9 601 2
16 48 2 0 25.00 Myoma 84 150 -2.2 611 4
C/S, cesarean section; BMI, body mass index; Hb, hemoglobin; BT, blood transfusion; CIN, cervical intraepithelial neoplasia.
220 H. Su et al. / Taiwanese Journal of Obstetrics & Gynecology 51 (2012) 217e221Discussion
The present method of performing hysterectomy using
transvaginal NOTES is more than a vaginal hysterectomy
assisted by culdoscopy. It combines conventional vaginal
surgery and the newly offered LESS surgery as an innovative
surgical concept, which not only widens the feasibility of
vaginal surgery but also results in a scarless abdomen.
To the best of our knowledge, the present study is the first
report on the use of transvaginal NOTES for performing
hysterectomy that has appeared in the literature. Although
hysterectomy is preferential performed using the vaginal
approach [6] and a large uterus (> 300 g) is not a contraindi-
cation [7e10], transvaginal NOTES is still rarely used to
perform hysterectomy due to several disadvantages, including
the restriction and poor visualization of the surgical field and
technical difficulties in patients with a narrow vagina, large
uterus, or pelvic adhesions. The laparoscopic approach could
provide better visualization than the vaginal approach even for
large uteri [11], but it still needs to create several incisions
through the abdomen. In comparison with laparoscopic
hysterectomy, transvaginal NOTES for hysterectomy avoids
the disruption of the muscles and fascia in the abdomen and
prevents possible complications from trocar insertion, such as
wound infection, bleeding, and hernia. The most superior part
of transvaginal NOTES for hysterectomy is the easier
approach to the uterine vessels at the level of the isthmus,
especially if the uterus is large. When a large uterus occupies
the pelvis, it is challenging to seal the feeding vessels of the
uterus through the laparoscopic approach in such a limited
space. Moreover, any manipulation before occlusion of the
feeding vessels results in more blood loss, which blurs the
operative field and increases morbidity. On the contrary,
a large uterus usually has a relatively small cervix, so ligating
the uterine vessels from the vagina first in order to decrease
blood loss is easy and feasible. Therefore, the superiority oftransvaginal NOTES for hysterectomy is significantly
demonstrated for large uteri.
As for the concern of increased risk of postoperative wound
infection when using a nonsterile entry, we did not observe
any pelvic abscess or pelvic inflammatory disease in this
preliminary study. This issue should be further investigated
before drawing a conclusion because of the limited number of
cases included in this initial report. Another disadvantage
found in our initial experiences is the blind angle of per-
forming transvaginal NOTES when using a 5-mm 30-degree
endoscope, especially the areas of the broad ligaments and
anterior cul-de-sac. Subsequently, lesions at the peritoneal
endometriosis at the base of the bladder, uterine myomas at the
anterior wall, or lesions in the in broad ligaments could
possibly be missed and the patient’s diagnosis might be
compromised. The same problem was encountered even when
a semirigid endoscope was used [12]. Hopefully, a flexible
endoscope may overcome this main limitation. Before the
development of new endoscopes that enabled the clear visu-
alization of the whole abdomen and pelvis, conversion to
conventional laparoscopy was essential when there was
a discrepancy between the preoperative imaging studies and
the operative findings.
In conclusion, hysterectomy can be feasibly performed
using transvaginal NOTES, which not only overcomes limi-
tations but broadens the indications for vaginal hysterectomy.
Although this study is only preliminary and reports a small
number of patients, it makes the concept of NOTES a reality.
A larger case series, or even prospectively randomized
controlled trials, should proceed in order to evaluate its
significance and applications in clinical practice.Financial disclosure
None of the authors have any conflicts of interest to declare.
221H. Su et al. / Taiwanese Journal of Obstetrics & Gynecology 51 (2012) 217e221Author disclosures
This study was partially supported by Chang Gung
Memorial Hospital research grants CMRP381251 and
CMRPG390032. Dr C.-L. Lee is the principal investigator.
Drs. H. Su, C.-L. Lee, K.-Y. Wu, C.-M. Han, and C.-F. Yen
have no conflicts of interest or financial ties to disclose.Author contributions
H.S., C.-F. Y., K.-Y. W., and C.-L. L. conceived and
designed the study; H.S., K.-Y.W., and C.-M. H. acquired the
data; H.S. and C.-F. Y. analyzed and interpreted the data; H.S.
and K.-Y. W. drafted the manuscript; C.-L. L. and C.-F. Y.
reviewed the data and critically revised the manuscript for
scientific and intellectual content. All authors approved the
final version for submission.References
[1] Lee CL, Wu KY, Su H, Ueng SH, Yen CF. Transvaginal natural-orifice
transluminal endoscopic surgery (NOTES) in adnexal procedures.
J Minim Invasive Gynecol; 2012, doi:10.1016/j.jmig.2012.02.005. [Epub
ahead of print].
[2] Moen MD, Noone MB, Elser DM. Natural orifice hysterectomy. Int
Urogynecol J 2008;19:1189e92.[3] American Congress of Obstetricians and Gynecologists (ACOG)
Committee Opinion No. 444. choosing the route of hysterectomy for
benign disease. Obstet Gynecol 2009;114:1156e8.
[4] Wu JM, Wechter ME, Geller EJ, Nguyen TV, Visco AG. Hysterectomy
rates in the United States, 2003. Obstet Gynecol 2007;110:1091e5.
[5] Wu MP, Huang KH, Long CY, Tsai EM, Tang CH. Trends in various
types of surgery for hysterectomy and distribution by patient age,
surgeon age, and hospital accreditation: 10-year population-based study
in Taiwan. J Minim Invasive Gynecol 2010;17:612e9.
[6] Nieboer TE, Johnson N, Lethaby A, Tavender E, Curr E, Garry R, et al.
Surgical approach to hysterectomy for benign gynaecological disease.
Cochrane Database Syst Rev; 2009:CD003677.
[7] Sheth SS. The scope of vaginal hysterectomy. Eur J Obstet Gynecol
Reprod Biol 2004;115:224e30.
[8] Darai E, Soriano D, Kimata P, Laplace C, Lecuru F. Vaginal hysterec-
tomy for enlarged uteri, with or without laparoscopic assistance:
randomized study. Obstet Gynecol 2001;97:712e6.
[9] Hwang JL, Seow KM, Tsai YL, Huang LW, Hsieh BC, Lee C.
Comparative study of vaginal, laparoscopically assisted vaginal and
abdominal hysterectomies for uterine myoma larger than 6 cm in
diameter or uterus weighing at least 450 g: a prospective randomized
study. Acta Obstet Gynecol Scand 2002;81:1132e8.
[10] Benassi L, Rossi T, Kaihura CT, Ricci L, Bedocchi L, Galanti B, et al.
Abdominal or vaginal hysterectomy for enlarged uteri: a randomized
clinical trial. Am J Obstet Gynecol 2002;187:1561e5.
[11] Wu KY, Lertvikool S, Huang KG, Su H, Yen CF, Lee CL. Laparoscopic
hysterectomies for large uteri. Taiwan J Obstet Gynecol 2011;50:411e4.
[12] Hackethal A, Ionesi-Pasacica J, Eskef K, Oehmke F, Munstedt K,
Tinneberg HR. Transvaginal NOTES with semi-rigid and rigid endo-
scopes that allow adjustable viewing angles. Arch Gynecol Obstet 2011;
283:131e2.
